Abstract : Plant factory has drawn attention in many countries in the world due to capability of environmental control not only for better yield and quality, but also for increase in functional and medicinal components of the products. In this paper, an experimental plant factory was constructed for various tests under different environmental conditions, and the operations were evaluated. A production room was constructed with adiabatic materials with dimensions of 6,900 × 3,000 × 2,500 mm (L×W×H). Four sets of 2,890 × 600 × 2,320 mm (L×W×H) production frame unit, each with 9 light-installed beds and an aeroponic fertigation system, resulting in 36 beds, were prepared. Accuracy and response were evaluated for each environmental control component with and without crops. Air temperature, humidity, CO2 concentration, light intensity, frequency, and duty ratio, fertigation rate and scheduling were controllable from a main control computer through wireless communication devices. When the plant factory was operated without crop condition, the response times were 8 minutes for change in temperature from 20 to 15°C and 20 minutes from 15 to 20°C; 7 minutes for change in humidity from 40 to 65%; and 4 minutes for change in CO2 concentration from 450 to 1000 ppm. When operated for 24 hours with crop cultivation; average, maximum, and minimum values of temperatures were 20.06, 20.8, and 18.8°C; humidity were 66.72, 69.37, and 63.73%; CO2 concentrations were 1017, 1168, and 911 ppm, respectively. Photosynthetic Photon Flux Density was increased as the distance from the light source decreased, but variability was greater at shorter distances. Results of the study would provide useful information for efficient application of the plant factory and to investigate the optimum environment for crop growth through various experiments.
I. Introduction
Plant factory may provide environments suitable for crop growth. In a plant factory, crops might be produced continuously in optimum conditions of environmental factors such as light, temperature, humidity, CO 2 concentration, water content, and nutrient. Plant factory has been constructed and tested in many countries. Plant factory is mainly classified into two types: full-control type with artificial light and partial-control type with sun light. Ikeda et al. (1992) controlled environmental factors, monitored and managed a full-control type plant factory. Son et al. (2002) developed and controlled an urban-type plant factory. Kim et al. (2006) controlled environmental factors in a plant factory using programmable logic controller (PLC).
Light is an important factor affecting crop growth through photosynthesis. Light sources frequently used in plant factory are fluorescent lamp, Cold Cathode Fluorescent Lamp (CCFL), External Electrode Fluorescent Lamp (EEFL), Light-Emitting Diode (LED), and Ultraviolet (UV) Lamp. LED is relatively expensive, but could be supplied with selected wavelengths. Some LEDs are known to increase functional components of crops, producing high value products (Nishimura et al., 2006) . Kwon and Lim (2011) .
Nutrient is also very important factor that needs to be maintained at an optimum level. Temperature was controlled by using an air conditioner (CSV-Q115N, Carrier, USA). Humidity was also controlled by using a humidifier (NH-4, Hwajeun
Engineering, Republic of Korea) and a dehumidifier (LD-106D, LG, Republic of Korea). CO 2 was supplied with a CO 2 gas cylinder and controlled by using a solenoid valve. Air agitation in the plant factory was controlled by using fans (TWP-20P, Innotech, Republic of Korea). Table 1 shows specifications of the equipment in the growing room. The growing room was monitored with a web-camera in the control room.
The environmental factors (temperature, humidity, CO 2 concentration), were controlled from the control room with a wireless controller and measured by sensors. Those data also were saved for subsequence later analyses.
Operation tests
Operations Accuracy of temperature and humidity control at constant levels was also evaluated. Experiments were conducted using the simple ON/OFF control algorithm where the actuators would be operated when there was deviation between the measured and target levels.
In addition, variability of these factors at different locations in the growing room was evaluated. Effects of agitation on the temperature variation were tested.
PPFD of LED was collected at 100 to 400 mm distances from the light source at a 50-mm interval with a quantum flux sensor (MQ-200, Apogee, USA). Also, pH and EC were measured by using pH and EC meters for 24 hours at an 1-h interval.
In crop cultivation experiments, Chinese cabbage and kale were chosen. The environmental factors were maintained at optimum levels; 20 ± 1°C for temperature, 65 ± 5% for humidity, 1000 ± 100 ppm for CO 2 , and 160 μmol･m Sensor was located innermost and outermost envir- Fig. 3 shows the growing-room for this study (left) and monitoring and control display in the control room (right). Fig. 4 shows temperature responses as a function of time at different conditions. Time constants to reach 63.2% of the total change, defined as the response time in the study, were 8 minutes for temperature change from 20 to 15°C and 20 minutes from 15 to 20°C. Maximum and minimum standard deviations of temperature were 0.60, and 0.37 with air-agitator and 2.46, and 0.86 without air-agitator (Fig. 4, bottom) . Temperature change was completed 50 minutes faster with agitation than without agitation. (right). Time constant for CO 2 concentration change from 450 to 1000 ppm was 4 minutes to reach 63.2% of the variation. During constant control, average, maximum, and minimum CO 2 concentrations were 1017, 1168, and 911 ppm, respectively. Table 2 shows results of measured by a Photosynthetic Photon Flux Density (PPFD) at different distances from the light source. PPFD was higher when the distance from the light source and the crop was short, but variability was greater at the shorter distances (Fig. 8 ). Results of this study would provide useful information for efficient application of the plant factory for crop production. Also, plant factory is able to investigate optimum environment for crop growth and functional components through various experiment.
III. Results and Discussions

